Introduction
Sugar-cane (Saccharum officinarum L.) is cultivated to large scale in tropical and subtropical regions as a raw material for the production of sugar and a number of industrial byproducts, such as furfural, dextrans and alcohol. Transgenic sugar-cane plants have been successfully recovered from cell suspensions and embryogenic calli transformed by particle bombardment as well as from electroporated intact cells (Bower and Birch, 1992; Arencibia et al., 1995) . Recently, we reported an accurate and reproducible methodology for Agrobacterium-mediated transformation of sugarcane (Enríquez-Obregón et al., 1998) . Transformation methods to introduce resistance genes into a plant genome have allowed the generation of new sugar-cane varieties resistant to herbicide spray (Enríquez-Obregón et al., 1998) or insect attack (Arencibia et al., 1997) .
To express a foreign gene in transgenic plants, it is necessary use efficient transcriptional promoters that allow a constitutive expression of the transgene. Optimization of transgene expression has been reported for other monocotyledonous plants such as maize and rice, obtaining the highest expression levels when reporter gene was fused to an untranslated intron under the control of a strong promoter (Mascarenhas et al., 1990; McElroy et al., 1991) . With the purpose of optimizing transgene expression in sugar-cane cells, we made different genetic constructions containing the gusA gene fused to expression-enhancer elements like the a-E/I/E sequence or the leader sequence from the Tobacco Mosaic Virus genomic RNA (⍀ fragment). These chimeric genes were put under the control of the Cauliflower Mosaic Virus 35S promoter (35S CaMV) together with the polyadenylation signal of nos gene (tNOS). The highest levels of foreign gene expression in sugar cane cells were obtained from plasmid containing chimeric promoter 4ocs/35S and the a-E/I/E sequence.
Materials and methods

General methods
Restriction enzymes and other molecular biology reagents were purchased from New England Biolabs (Beverly, MA). All DNA manipulations, including double-strand sequencing of construct junction regions, were performed following the standard protocols.
Plasmid constructs
The pBPF⍀5 and pBPF⍀7 plasmids were provided by Lázaro Hernández (Center for Genetic Engineering and Biotechnology (CIGB), Cuba). The pBPF⍀5 contains the 1.5 kb 35S CaMV promoter fused to the 68 base pairs ⍀ fragment, the gusA gene and the tNOS, respectively. The pBPF⍀7 plasmid is the same as pBPF⍀5 lacking the gusA gene. Dr. Ray Wu (Cornell University, NY) provided the pAct1F plasmid harboring the promoter and the a-E/I/E sequence.
The 5'untranslated sequence from the rice act1 gene was isolated from the pAct1F plasmid by PCR using the oligonucleotides 5'-ATGGATCCGCGGCCTTTCACTATC-3' (from Ϫ1669 to ϩ3) and 5'-AGCTCTAGATACCTAC AAAAAGCTCCGC-3' (from ϩ504 to ϩ532) as primers. The amplification reaction was performed under the following conditions: 1 min at 96°C for DNA denaturalization; 1min at 50°C for primers annealing and 1 min at 72°C for DNA extension using Taq polymerase (Heber Biotec, Cuba). The amplified 1675 bp DNA fragment was digested with BamHI and XbaI restriction enzymes and inserted into the pBPF⍀7 polylinker originating the pBPFA plasmid. The SacI fragment containing the act1 gene promoter and the ⍀ leader was eliminated from pBPFA plasmid yielding the pBPFA2 plasmid. Blunting of BamHI site in the a-E/I/E sequence with S1 nuclease rendered the plasmid pBPFA3.
To construct the chimeric promoter, 1ocs/35S, the 726 bp HincII-EcoRI DNA fragment of the pBPFA3 plasmid was eliminated and instead it was inserted a synthetic linker (5'-AATTCTAACGTAAGCGCTTACGTT-3') containing the single ocs enhancer (1ocs), creating the plasmid pBPFA5 gusA Ϫ . The pBPFA5 construct was attained by EcoRV-XbaI insertion of a polylinker (5'-GGATATCGGATCCGGTA CCATGGAATTCCCGGGT-3') and subsequently a 1.8kb BamHI-XbaI DNA fragment containing the gusA gene from pBPF⍀5.
The pBPF⍀9 plasmid was constructed by HincII insertion in the pBPF⍀7 plasmid of a synthetic linker (5'GCGAA CGTAAGCGCGCTTACGTTCAAAACGTAAGCGCTTA CGTTCAAAACGTAAGCGCTTACGTTCAAAACGTAA GCGCTTACGTTTGATCA-3') containing the 4ocs enhancer, and posterior introduction of a BamHI-XbaI fragment bearing the gusA gene. The pBPFA7 plasmid was constructed by XhoI-SacI insertion of a 53 bp synthetic linker (5'-TCGAGACCACCACCACCACCACCTCCTCCCCCCT CGCTGCCGGACGACTAGCT-3') harboring the transcription start site of rice act1 gene in the pBPFA5 gusA Ϫ and subsequent cloning of the BamHI-XbaI fragment carrying the gusA gene. The insertion of the synthetic linker brought about the loss of the SacI restriction site. The 1.6-kb EcoRI-XhoI restriction fragment from pBPF⍀9 was inserted into the pBPFA7 vector previously treated with the same restriction enzymes. The resulting plasmid, pBPFA8, was NruI-EcoRI digested, treated with the Klenow fragment of DNA polymerase I and rejoined to yield the pBPFA9 plasmid. The pBPFA11 plasmid was constructed by replacement of the EcoRI-XhoI fragment from pBPFA5 with a 600 bp DNA fragment from the pBPFA9 plasmid containing the 4ocs/35S promoter (Fig.1) .
Transient gene expression and β-glucoronidase assays Protoplasts were isolated from a finely dispersed sugar-cane (Saccharum officinarum L. var. Ja 60-5) suspension (Molina et al., 1993) . Purified protoplasts were resuspended in electroporation buffer containing 10mM Hepes, 0.2M mannitol, 2.5 mM CaCl 2 , 0.15 mM NaCl, pH 7.2 to 1ϫ10 6 cells per ml. Then, 3-5ϫ10 5 cells (500 l) were mixed with 20 g plasmid and 25 g of sonicated calf thymus DNA and incubated at 0 °C for 10 min. The mixture was placed into a disposable cuvette (Biorad, path length 0.4 cm) and pulsed at different capacitance and voltage values using an electroporator generating exponential pulses EPE-010 (CIGB, Cuba). Protoplast viability was determined by staining with fluorescein diacetate, 5 mg/ ml. The electroporation conditions were optimized using the plasmid pMEMP-1 (Dmitri Prieto, personal communication) which contains the gusA gene fused to the first intron of maize ubiquitin gene under the control of the ubiquitin promoter and the tNOS terminator. Spectrofluorometric analysis of Gus activity was carried out essentially as described by Jefferson (1987) . Total protein was determined by the method of Bradford.
Statistical analysis
Due to variations in the absolute level of gene expression obtained from different protoplast preparations, each Figure 1 Genetic constructions derived from the CaMV 35S promoter used in the study. Symbols: l35S, Large version of the 35S promoter; 4ocs/35S, chimera from the 4ocs and the short version of the 35S promoter; 1ocs/ 35S chimera from a 1ocs and the short version of the 35S promoter; 4ocs/l35S chimera from the 4ocs enhancer and the large version of the 35S promoter; 5'-E/I/E, a-E/I/E sequence lacking a 53bp fragment at 5'-end; 5'ϩE/I/E, complete a-E/I/E sequence.
